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 Background: Diabetic nephropathy (DN) is a common complication of diabetes, caused by diabetic microvascular lesions. The 
pathogenesis of DN is complicated, involving genetics, physics, chemistry, and environmental factors. Chemerin 
is a fat cell factor that participates in regulating inflammation. Vascular endothelial growth factor (VEGF) pro-
motes vascular endothelial cell proliferation, differentiation, and angiogenesis. The relationship role of Chemerin 
and VEGF in DN is not fully understood.

 Material/Methods: SD rats were randomly divided into 2 groups: the control group and the DN group. Streptozotocin was used to 
construct the DN model. Serum creatinine (Scr), blood urea nitrogen (BUN), and urine microalbumin (UAlb) were 
detected. Real-time PCR and Western blot were used to test Chemerin and VEGF mRNA and protein expression 
in kidney tissue. ELISA was performed to test TGF-b1, TNF-a, and INF-g levels. The correlation of Chemerin and 
VEGF with renal function and inflammatory factors was analyzed.

 Results: DN group rats showed obviously increased Scr and BUN levels, and elevated TGF-b1, TNF-a, and INF-g secretion 
(P<0.05). Compared with controls, Chemerin and VEGF were clearly overexpressed in the DN group (P<0.05). 
Chemerin and VEGF expression were positively correlated with inflammatory factors and renal function.

 Conclusions: Chemerin and VEGF play important roles in DN by regulating inflammatory factors and renal function. They 
may be treated as indicators of DN.
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Background

With widespread changes in lifestyle, the incidence of diabe-
tes is steadily increasing. There are nearly 300 million people 
with diabetes worldwide, and China has a high incidence [1,2]. 
Research shows a trend towards younger age of diabetes on-
set [3]. The leading cause of diabetes disability or death are 
its various complications. The leading diabetes complications 
are microangiopathy and macroangiopathy. Microvascular com-
plications include diabetic retinopathy, diabetic nephropathy 
(DN), and nervous system diseases, while macroangiopathy 
involves the cardiovascular, cerebrovascular, and peripheral 
vascular systems [4,5]. DN is a common clinical complication. 
Diabetes and other factors cause renal vascular damage, result-
ing in extracellular matrix hyperplasia, glomerular basement 
membrane thickening, and glomerular sclerosis. Diabetes can 
lead to DN and end-stage renal failure [6]. Although there are 
various methods to treat diabetes and related complications, 
many DN patients eventually progress to renal failure, requir-
ing dialysis or renal transplantation [7,8].

The pathogenesis of DN is complex, involving genetics, phys-
ics, chemistry, environment, and many other factors. Research 
has suggested that inflammatory cytokines, oxidative stress, 
and growth factors were involved in DN occurrence and de-
velopment [9]. Recent studies reported that a newly discov-
ered fat cell factor, Chemerin, is expressed in adipose tissue, 
liver, pancreas, lung, and other tissues. Its receptor is G pro-
tein-coupled receptor ChemR23 [10,11]. Chemerin participates 
in inflammation, obesity, and insulin resistance by regulating 
glucolipid metabolism and promoting adipocyte differentia-
tion [12]. Vascular endothelial growth factor (VEGF) can stim-
ulate vascular endothelial cell division and enhance vascular 
endothelial cell permeability, thus promoting vascular endothe-
lial cell proliferation, differentiation, and angiogenesis [13,14]. 
However, the correlation of Chemerin and VEGF with DN has 
not been fully elucidated. This study aimed to investigate it 
through establishing a rat DN model.

Material and Methods

Experimental animals

We purchased 24 healthy male SD rats age 3 months and 
weight 250±30 g from the Experimental Animal Center of 
Shandong University. The rats were kept in an SPF lab with 
constant temperature (21±1ºC), constant humidity (50–70%), 
and 12-h day/night cycle.

Rats were used for all experiments, and all procedures were ap-
proved by the Animal Ethics Committee of Shandong University.

Main materials and instruments

Surgical instruments were bought from Suzhou Medical 
Instruments. The operating microscope was from Zhenjiang 
Optical Instrument Co., LTD. STZ was purchased from Sigma 
and Trizol reagent was from Invitrogen. The serum creatinine 
detection kit was from Roche and the PVDF membrane was 
from Pall Life Sciences. Western blot-related chemical reagent 
was from Beyotime and ECL reagent was from Amersham 
Biosciences. Mouse anti-rat Chemerin and VEGF monoclo-
nal antibody, goat anti-mouse HRP-tagged IgG secondary an-
tibody were from Cell Signaling. RNA extraction kit, reverse 
transcription kit, TGF-b1, TNF-a, and IFN-g ELISA kits were 
from R&D. Rat-specific urinary protein detection reagent was 
from Beijing Furui Biological Engineering Co., LTD. The micro-
plate reader was from BD and the PE Gene DNA amplifier was 
a PE Gene Amp PCR System 2400. The electronic glucometer 
was from Advantage and the automatic biochemical analyz-
er was from Beckman. Glucose test paper was from Zhujiang 
Chemical Reagent Co., LTD. Other common reagents were pur-
chased from Sangon.

Methods

Grouping

The rats were randomly and equally divided into 2 groups: 
the control (n=12) and the DN group (n=12). The DN group 
received STZ to establish the rat DN model.

Modeling

The rats were prepared for modeling after 1 week of adaptation. 
The rats were fasted for 12 h before treatment. STZ in 0.5% 
citric acid-sodium citrate buffer was intravenously injected at 
40 mg/kg. The rats in the control group only received an equal 
amount of citric acid-sodium citrate buffer. Blood glucose, urine 
glucose, and urine volume were tested after 2 weeks. A 2-fold 
increase in blood glucose > 16.7 mmol/L, urine glucose < ++, 
and urine volume was considered DN modeling success [15].

Specimen collection

An abdominal aortic blood sample was collected in a vacuum 
biochemical tube using negative-pressure acquisition meth-
od at 2 weeks after modeling. After standing at room temper-
ature for 30 min, the blood was centrifuged at 4°C and 3600 
rpm for 10 min. The supernatant was cryopreserved at –20°C. 
Left kidney tissue was stored at –80°C.
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Renal function detection

Scr and BUN were detected by automatic biochemical analyzer. 
UAlb was determined by radioimmunoassay method. Kidney 
weight ratio was calculated.

Real-time PCR

Total RNA was extracted using Trizol and reverse transcribed 
to cDNA according to the manual. The primers used were de-
signed by Primer 6.0 and synthesized by Invitrogen (Table 1). 
Real-time PCR was performed at 55°C for 1 min, followed by 
35 cycles of 92°C for 30 s, 58°C for 45 s, and 72°C for 35 s. 
GAPDH was selected as internal reference. Relative gene ex-
pression was calculated by 2–DCt method.

Western blot

Kidney tissue was ground in liquid nitrogen and treated by 
RIPA for 15~30 min. Then the tissue was ultrasonicated at 5 s 
4 times and centrifuged at 4°C and 10 000× g for 15 min. The 
supernatant was stored at –20°C. The protein was separated 
by 10% SDS-PAGE and transferred to a PVDF membrane. After 
blocking by 5% skim milk for 2 h, the membrane was incubated 
in primary antibody (1:1000) at 4°C overnight. Next, the mem-
brane was further incubated in secondary antibody (1:2000) 
at room temperature for 30 min after washing in PBST. We 
added a chemiluminescent agent to the membrane for 1 min 
and developed it. Protein image processing system software 
was used for scanning and Image J software was used for the 

quantification of the intensity of positive bands. Protein ex-
pressions were quantified as the ratio to b-actin. All the ex-
periments were repeated 4 times (n=4).

ELISA

TGF-b1, TNF-a, and IFN-g levels in rat serum were tested by 
ELISA according to the product manual. The sample concen-
tration was calculated based on the standard curved of the 
OD value.

Statistical analysis

SPSS19.0 was used for data analysis. Measurement data are 
presented as mean ± standard deviation. The LSD test was 
used for comparison. Spearman’s rank-order correlation was 
performed for correlation analysis. P<0.05 was considered as 
statistical significance.

Results

Survival state and renal function

Rat survival, condition, kidney weight ratio, and renal func-
tion were observed. The rats in the control group showed 
good mental condition, lustrous hair, normal eating, drink-
ing, activity, and urine output. The rats in the DN group ap-
peared dispirited, lost hair, had polydipsia, and had increased 
urine output. Compared with control rats, the DN group had 

Gene Forward 5’-3’ Reverse 5’-3’

GADPH ACCAGGTATCTGCTGGTTG TAACCATGATGTCAGCGTGGT

Chemerin GCATGACCTGCTTATGACTG TTCGTTCCGCTCAACTCTTA

VEGF TGCTTATGCATGATGCCGACT CGCTTCTTCGTCAACTCTTATC

Table 1. Primer sequence.

Indicator Control DN group

Weight (g)  421.4±52.7  237.9±36.1*

Blood glucose (mmol/L)  6.3±0.5  27.6±2.3

Kidney weight ratio (mg/g)  2.5±0.3  5.7±0.9*

Scr (µmol/L)  89.2±12.3  1777.6±41.5*

BUN (mmol/L)  7.1±0.8  11.2±1.1*

UAlb (mg/24 h)  0.3±0.1  0.8±0.2*

Table 2. General indicators and renal function.

* P<0.05, compared with control.
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significant weight loss and elevated kidney weight ratio, Scr, 
BUN, and UAlb (P<0.05) (Table 2).

Chemerin mRNA and protein expression in kidney

Real-time PCR and Western blot were used to detect Chemerin 
mRNA and protein expression in renal tissue. Compared with 
controls, Chemerin mRNA was significantly overexpressed in 
the DN group (P<0.05) (Figure 1A). Similar to the mRNA ex-
pression changes, Chemerin protein level in the DN group was 
also markedly elevated (P<0.05) (Figure 1B, 1C).

VEGF mRNA and protein expression in kidney

Real-time PCR and Western blot were used to detect VEGF 
mRNA and protein expression in renal tissue. Compared with 
controls, VEGF mRNA was significantly overexpressed in the 
DN group (P<0.05) (Figure 2A). Similar to the mRNA expres-
sion changes, the VEGF protein level in the DN group was also 
markedly elevated (P<0.05) (Figure 2B, 2C).

Inflammatory factors expression in serum

ELISA was used to test TGF-b1, TNF-a, and IFN-g levels in rat 
serum. The results showed that TGF-b1, TNF-a, and IFN-g lev-
els in the DN group were obviously elevated compared with 
controls (P<0.05) (Figure 3).
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Figure 1.  Chemerin mRNA and protein expression in renal tissue. (A) Chemerin mRNA and protein expression in renal tissue; (B) 
Chemerin protein expression in renal tissue; (C) Chemerin protein expression analysis in renal tissue. 1, control; 2, DN group. 
* P<0.05, compared with control.
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Figure 2.  VEGF mRNA and protein expression in renal tissue. (A) VEGF mRNA and protein expression in renal tissue; (B) VEGF protein 
expression in renal tissue; (C) VEGF protein expression analysis in renal tissue. 1, control; 2, DN group. * P<0.05, compared 
with control.

Figure 3.  Inflammatory factors expression in serum. * P<0.05, 
compared with control.
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Correlation analysis between Chemerin and DN

The relationship between Chemerin mRNA and protein expres-
sion with inflammatory factors and renal function in DN was 
analyzed. We found that Chemerin mRNA and protein were 
positively correlated with TGF-b1, TNF-a, IFN-g, Scr, BUN, and 
UAlb (P<0.05) (Table 3).

Correlation analysis between VEGF and DN

The relationship between VEGF mRNA and protein expression 
with inflammatory factors and renal function in DN was ana-
lyzed. we found that VEGF mRNA and protein were positive-
ly correlated with TGF-b1, TNF-a, IFN-g, Scr, BUN, and UAlb 
(P<0.05) (Table 4).

Discussion

A recent study confirmed that adipose tissue is closely corre-
lated with diabetes [16]. Adipose tissue is not just the main 
storage area for triglycerides and thermal energy, it is also an 
endocrine organ [17]. Adipose tissue can secrete and release 
bioactive adipose cytokines. Chemerin, also known as TIG2, is 
one of the fat cell cytokines that was first found in psoriasis. 

Chemerin can hydrolyze hydrophobic signal peptide through 
protease. The rest of the precursor protein has low activity and 
is further hydrolyzed to Chemerin. Chemerin has chemotac-
tic activity, and when hydrolyzed by caspase in macrophages, 
it has anti-inflammatory activity [18,19]. It has been reported 
that Chemerin plays an important role in energy metabolism 
regulation, appetite, blood lipid, blood pressure, inflammation, 
and angiogenesis [20]. Chemerin expression level in the serum 
was significantly increased in patients receiving long-term kid-
ney dialysis and was negatively correlated with glomerular fil-
tration rate, suggesting that Chemerin has a role in regulating 
renal disease [21]; however, the correlation between Chemerin 
and DN has not been clarified. Through the establishment of 
rat DN model, the present study analyzed inflammatory factors 
and renal function changes in DN rats. The results confirmed 
that inflammatory factors, BUN, Scr, and 24 h proteinuria ex-
pression levels were obviously elevated following renal func-
tion damage in DN rats. It was further found that Chemerin 
mRNA and protein were overexpressed in DN rats, suggesting 
that Chemerin is closely associated with DN. Correlation analy-
sis demonstrated that Chemerin mRNA and protein were posi-
tively correlated with TGF-b1, TNF-a, IFN-g, Scr, BUN, and UAlb.

The correlation between VEGF level and DN is a popular re-
search topic because VEGF increases the permeability of 

Indicator
VEGF mRNA VEGF protein

r P r P

Scr 0.642 0.047 0.721 0.043

BUN 0.923 0.002 0.863 0.005

UAlb 0.897 0.005 0.821 0.009

TGF-b1 0.735 0.037 0.723 0.044

TNF-a 0.856 0.007 0.923 0.002

INF-g 0.826 0.008 0.869 0.004

Table 4. Correlation analysis between VEGF and DN.

Indicator
Chemerin mRNA Chemerin protein

r P r P

Scr 0.751 0.032 0.727 0.041

BUN 0.874 0.005 0.869 0.006

UAlb 0.892 0.003 0.921 0.002

TGF-b1 0.718 0.045 0.723 0.042

TNF-a 0.732 0.039 0.855 0.007

INF-g 0.819 0.009 0.829 0.008

Table 3. Correlation analysis between Chemerin and DN.
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vascular endothelial cells and changes the glomerular filtra-
tion barrier [22]. Our study confirmed that VEGF mRNA and 
protein expression were significantly enhanced in DN rats, and 
were positively correlated with TGF-b1, TNF-a, IFN-g, Scr, BUN, 
and UAlb, perhaps because VEGF overexpression increased glo-
merular filtration barrier and elevated permeability, promoting 
TGF-b1, TNF-a, and IFN-g secretion and exudation. It further 
aggravates inflammatory reaction and induces renal hypoxia, 
resulting in 24-h proteinuria and increased Scr and BUN secre-
tion. VEGF can also aggravate renal tubular basement mem-
brane thickening, glomerular sclerosis, and renal interstitial 
fibrosis by promoting extracellular matrix deposition, leading 
to renal function damage [23–25].

Conclusions

Chemerin and VEGF play important roles in DN by regulating 
inflammatory factors and renal function. They may be useful 
as indicators of DN.
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